Band-Selective Modification of the Magnetic Fluctuations in Sr 2 Ru04: 

Study of Substitution Effects 
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We report a study of magnetic, thermal, and transport properties of La 3+ substituted Sr2RuC>4, 
performed in order to investigate the effects of additional electron doping in this correlated metal. 
A gradual enhancement of the electronic part of specific heat and a more drastic increase of the 
static magnetic susceptibility were observed in Sr2_ H La H Ru04 with increasing y. Furthermore, the 
quasi- two-dimensional Fermi- liquid behavior seen in pure S^RuCU breaks down near the critical 
concentration y c ~ 0.20. Combined with a realistic tight-binding model with rigid-band shift of 
Fermi level, the enhancement of the density of states can be ascribed to the elevation of the Fermi 
energy toward a van Hove singularity of the thermodynamically dominant 7 Fermi-surface sheet. 
On approaching the van Hove singularity, the effective nesting-vector of the 7 band shrinks and 
further enhances the susceptibility near the wave vector q ~ 0. We attribute the non- Fermi-liquid 
behavior to two-dimensional ferromagnetic fluctuations with short range correlations at the van 
Hove singularity. The observed behavior is in sharp contrast to that of Ti 4+ substitution in S^RuCU 
which enhances antiferromagnetic fluctuations and subsequently induces incommensurate magnetic 
ordering associated with the nesting between the other Fermi-surface sheets (a and 0). We thus 
establish that substitution of appropriate chemical dopants can band-selectively modify the spin- 
fluctuation spectrum in the spin-triplet superconductor S^RuCU. 

PACS numbers: 74.70.Pq, 74.62. Dh, 74.25.Dw 



I. INTRODUCTION 



Since the discovery of the superconductivity in the lay- 
ered perovskite Sr2Ru04 pi, the material has been the 
subject of intense research [3 for the following reasons. 
First, the superconductivity (with transition tempera- 
ture T C = 1.5K) is of unconventional pairing symmetry, 
most probably spin triplet Q. Second, a highly con- 
ductive metallic state with mean free path t > 1 /*m can 
be achieved, reflecting the well hybridized Ru 4d and 
O 2p character of the conduction bands in the stoichio- 
metric material. This made it possible to clarify the 
detailed electronic structure by means of de Haas-van 
Alphen (dHvA) experiments (J. |j. LJ and angle-resolved 
photoemission-spectra (ARPES) with 6] results that are 
in qualitative agreement with band structure calculations 
0, Q : the Fermi surface consists of one hole sheet (a) 
and two electron sheets ((3 and 7). The a and j3 bands 
are formed by the Ru d yz and d zx orbits, while the 7 
band has d xy orbital character. On the basis of the cylin- 
drical Fermi-surface topography, normal-state properties 



are described quantitatively within the framework of a 
quasi-two-dimensional Fermi-liquid 0, 0] . 

For a strongly correlated, unconventional superconduc- 
tor like Sr2RuC>4, knowledge of the relationship between 
the superconductivity and the magnetic fluctuations is 
of fundamental importance in order to clarify the pairing 
mechanism. This is strikingly exemplified by a number 
of /-electron systems and in the high-T c cuprates, where 
the superconductivity emerges near regions of magnetic 
instability [HJ, HJ El In those cases, the magnetic in- 
stability point is reached by driving the magnetic order- 
ing temperature to zero by tuning parameters such as 
pressure and carrier doping by chemical substitution \\?\ . 
Also, non-Fermi-liquid normal state behavior is often ob- 
served in the vicinity of the quantum critical points. 

Spin fluctuations are thought to act as the "mag- 
netic glue" responsible for the superconducting pairing 
in many of these cases, including, as theoretically sug- 
gested, Sr2Ru0 4 Experimentally, a more direct sig- 
nature of spin fluctuations can be found in inelastic neu- 
tron scattering measurements. In Sr2Ru04, recent ex- 
periments revealed a weak, broadened structure around 
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FIG. 1: Partial density of states (DOS) in SnRuCU obtained 
by a tight-binding fit to the experimentally determined Fermi 
surface jj]. The Fermi energy is located 49meV below a 
van Hove Singularity (vHS) of the 7 band. Note that the 
7 Fermi-surface changes from an electron pocket (left inset) 
to a hole pocket (right inset) when the Fermi energy crosses 
the van Hove singularity at additional electron doping level 
of y c ~0.23/f.u. 



the wave vector g~0, attributed to the excitation from 
the 7 band [3, in addition to a well-known feature at the 
incommensurate wave vector q= Q°f ~ (27r/3, 27t/3, 0) 
|lp|. The incommensurate wave vector is in accord with 
a nesting vector between the a and (3 Fermi surfaces 
[l7|. Attempts have been made to probe the proximity 
to magnetic quantum critical points by applying strong 
magnetic field [3 or hydrostatic pressure [lij- These 
probes have the advantage of being "clean" , i.e. of not 
introducing disorder, but in the range of parameters used 
so far on Si^RuO,}, no magnetic instabilities have been 
discovered. 

Although substitution studies involve the introduc- 
tion of disorder, they have the significant advantage of 
producing band-specific effects. For example, the sub- 
stitution of nonmagnetic Ti 4+ (3d ) for Ru 4+ (4<i 4 ) in 
Si'2Rui_ 2; Ti 2 ;04 is a powerful probe to enhance only 
the anisotropic antiferromagnetic fluctuations at Q°f 
[20I I2H l22l | : the ground state in Si^Rui-zTi^C^ changes 
from spin-triplet superconductivity to incommensurate 
spin-density-wave (SDW) order [20J with the formation 
of glassy clusters at lower temperatures [2^, 13- Near 
the onset of magnetic order at x — x c ~ 0.025, break- 
down of the Fermi-liquid behavior is observed at low 
temperatures: the resistivity and specific heat show lin- 
ear and logarithmic temperature dependence respectively 
[2l||. These results indicate that in Si^Rui-zTi^C^ the 
divergence of spin fluctuations at Q°f , arising from the 
nesting between a and (3 bands, dominates the behavior 

On the other hand, the role of the magnetic fluctua- 
tions of the 7 band, which is proposed by some authors 
to drive the superconductivity in Sr 2 Ru04 [2{|,|2(|, still 
remains unclear. The 7 band has the largest density 



of states (DOS) at the Fermi energy and the strongest 
mass enhancement . As shown in Figure ^ in a tight- 
binding fit to the experimental Fermi-surface geometry, 
the Fermi energy is located 49 meV below a van Hove sin- 
gularity (vHS) of the 7 band corresponding to elec- 
tron doping of an additional 0.23 electrons per formula 
unit Hill. 

In this paper, we report the effect of non-isovalent 
counter- ion substitution of Sr 2+ with La 3+ , as in 
Sr2- y Laj / Ru04. The primary effect of La doping is the 
introduction of additional electrons to the metallic bands 
at the Fermi energy. Also, structural distortions are min- 
imized because of the similar ionic radii between Sr 2+ and 
La 3+ . La substitution therefore provides a gentle way 
to study the effect of changing carrier concentration in 
the correlated metal and unconventional superconductor 
Sr 2 Ru04. We achieved electron doping up to y = 0.27, 
where the tight-binding calculation places the Fermi en- 
ergy of the material well beyond the vHS. The main con- 
tribution of the enhancement of the DOS is confirmed to 
be due to the approach towards the vHS of the 7 band. 
At the same time, the nesting wave vector of the 7 band 
is shrinking towards g~0 at the vHS, further enhanc- 
ing the low-g susceptibility. We observe non-Fermi-liquid 
behavior around the "critical" doping level of y c ^0.20 
and attribute it to two-dimensional ferromagnetic fluc- 
tuations with short range correlations. The evolution of 
the ferromagnetic fluctuations with electron doping is in 
sharp contrast to the enhancement of the antiferromag- 
netic fluctuations induced by Ti substitution |2lL |22| . 
Throughout this paper, we stress that substitution of 
appropriate dopants into Sr2Ru04 can band-selectively 
modify the magnetic fluctuation spectrum. 



II. EXPERIMENTAL 

Single crystals of Sr2_ J ,La, / Ru04 with y up to 0.27 were 
grown by a floating-zone method in an infrared image 
furnace (NEC Machinery, model SC-E15HD). Although 
it was difficult to grow crystals with increasing y because 
of the necessity of higher temperature and therefore an 
unstable molten zone during crystal growth, we finally 
succeeded in obtaining large crystals with typical size of 
4 mm x 3 mm (c axis) x 60 mm. 

The La concentrations of the crystals were analyzed by 
electron-probe microanalysis (EPMA). Up to y= 0.14, 
the La substitutes well for Sr. On the other hand, we 
found that the analyzed La concentration y a deviates 
from the nominal La concentration y n for y n > 0.14: the 
y a varies roughly as y a ~ 0.3y n + 0.12. We confirmed 
tetragonal crystal symmetry for all Sr2_ 2/ La, / Ru04 crys- 
tals used in this study at room temperature from X-ray 
measurement. The lattice parameter along the in-plane 
(a axis) increases by ~ 0.5% and that perpendicular to 
the plane (c axis) decreases by ~ 0.4% continuously with 
y up to y = 0.27. The crystal symmetry and the change 
of lattice parameter by La doping are consistent with 
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FIG. 2: Temperature dependence of the magnetic suscep- 
tibility x{T) = M/H of Sr 2 -j / Laj / Ru0 4 with y up to 0.27 in 
applied field of 1 T along (a) the basal [ah) plane and (b) the 
c axis. Tm indicates the characteristic temperature at which 
M/H shows a peak. 




FIG. 3: Temperature dependence of Cp/T in Sr2- 1) La !/ Ru04 
up to y = 0.27. For pure Sr2Ru04 (y = 0) a magnetic field of 
0.2 T was applied along the c axis to suppress the supercon- 
ductivity. 



previous work on polycrystals [2^ • 

Magnetic susceptibility measurements were performed 
using a commercial superconducting quantum interfer- 
ence device magnetometer down to 1.8 K (Quantum De- 
sign, MPMS-XL). The specific heat Cp was measured by 
a thermal relaxation method from 0.5 K to 30 K (Quan- 
tum Design, model PPMS). The electrical resistivity was 
measured by standard four-probe dc and ac methods be- 
tween 4.2 and 300 K and by an ac method between 0.3 
and 5 K. 



agnet Sr3Ru207 which possesses a ferromagnetic insta- 
bility under uniaxial stress |30|. Tm shifts to lower tem- 
perature with further La doping, and finally for y > 0.18 
the susceptibility continues to rise sharply down to the 
lowest temperatures. The effective magnetic moment 
Poff, as well as the temperature independent term xp au ii 
corresponding to the Pauli paramagnetism, estimated 
from the Curie- Weiss fitting at higher temperature, in- 
crease linearly at the rate of dp c s/dy ~ 2/xe/La and 
dXPauii/dy ~0.7xl0~ 3 (emu/mol-f.u.)/La, respectively. 



III. RESULTS 
A. Static magnetic susceptibility 

Figure [21 shows the temperature dependence of 
the static magnetic susceptibility x{T) = M/H of 
Sr2_ 3/ La J ,Ru04 with y up to 0.27 in an applied field 
of 1 T along the basal (ab) plane (a) and the c axis 
(b). There is no clear sign of any magnetic order- 
ing for all dopant concentrations in this study |29j . 
It should be noted that the magnetic susceptibility is 
nearly isotropic with respect to the direction of the ap- 
plied magnetic field. This behavior is in sharp con- 
trast with that of Ti-substituted Sr2Ru04, which ex- 
hibits Ising anisotropy [23l |24| . In the normal state 
of pure Sr2RuC>4, xC^O shows little temperature depen- 
dence (Pauli paramagnetism) with a broad peak around 
30 K (denoted as Tm), coinciding with the temperature 
below which the characteristic signatures of a Fermi- 
liquid are seen. With increasing y, a gradual change 
to Curie- Weiss-like behavior occurs at high temperature. 
For y = 0.06, the behavior with the peak temperature 
Tvi ~ 22 K is similar to that seen in the enhanced param- 



B. Specific heat 

Figure El shows the temperature dependence of specific 
heat divided by temperature Cp/T for Sr2_j,La y Ru04 
up to y = 0.27 and down to T = 0.5K. There is no sign 
of a phase transition, magnetic or otherwise, in line with 
the susceptibility results. The data for pure Sr2Ru04 
(y = 0) were obtained by applying a magnetic field of 
0.2 T along the c axis in order to suppress the super- 
conductivity (T c = 1.44 K); the data for [mqH = T essen- 
tially overlap with the data for 0.2 T for T> 1.5 K pi] . 
Enhancement of Cp/T with y is clearly observed and 
is due to the increase of the DOS by electron doping. 
The enhancement agrees well with the calculations using 
tight-binding parameters based on the rig id-band model 
that each La dopes one free-electron 32]. Moreover, a 
clear low-temperature upturn indicating a deviation from 
simple Fermi-liquid behavior is observed around y = 0.20. 
This upturn can not simply be explained by an impurity 
effect induced by La doping, because the effect is sup- 
pressed for y — 0.27. This behavior is similar to that seen 
in Ti-substituted Sr2Ru0 4 in the vicinity of its magnetic 
ordering [2lj| . 
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isfied below about 30 K for pure Sr 2 Ru04 0, starts to 
break down with y. This is displayed in Fig. 0fa) by the 
fact that the temperature ran ge in which the T-squared 
fitting is valid shrinks with y [34[. Also, the coefficient 
Aocm 2 /n c gradually increases around y~0.20, indicat- 
ing the enhancement of the correlation among electrons 
by La doping. Here, m c and n c are the electron effective 
mass and carrier density, respectively. Our best fit for 
y = 0.20 is obtained with n — 1.4 ± 0.05. As added in the 
inset of Fig.0J the T 1A behavior is well satisfied between 
0.3 and 10 K over more than one decade in temperature. 
It should be noted that such a deviation from Fermi- 
liquid behavior is not explained by an effect of disorder 
by La, because the T-squared behavior is recovered for 
y = 0.27 below -7 K. 

The temperature dependence of the resistivity along 
the c axis, p c , for various y is presented in Fig- 
ure |3Jb) . The crossover temperature from non- metallic 
behavior (dp c j dT < 0) at high temperature to metallic 
one (dpc/dT > 0) at low temperature j3f| moves mono- 
tonically to lower temperature with y as seen in Ti- 
substituted Sr2Ru04 [23| . The residual resistivity p c o in- 
creases with doping with a slope dp c o/dy ~ 70 mf2 cm/y. 
At the same time, the resistivity anisotropy p c /p a b at 
low temperatures remains around 2 x 10 3 for all dopant 
concentrations. Also, the temperature region over which 
a Fermi-liquid-like T 2 law is valid for p c is almost iden- 
tical to that for p a b. This result implies that the low- 
temperature transport mechanism along the c axis is 
hardly affected by electron doping: the quasi-particles 
can propagate coherently between the RuC>2 layers at 
low temperatures. 



FIG. 4: (a) In-plane resistivity p a t, plotted against T 2 in 
Sr2-j / La !/ Ru04. The inset shows p a b vs. y with y = 0.20. 
(b) Temperature dependence of the c-axis resistivity in 
Sr2- !/ Laj / Ru04 with several y. 



C. In- and out-of-plane resistivity 



D. Phase diagram of Sr2 -jLajRuOi 



Figure 0fa) shows the in-plane resistivity p a b for var- 
ious doping levels y, plotted against T 2 . The residual 
resistivity p a bo, defined by the extrapolation of the low 
temperature resistivity to T = 0K, increases systemat- 
ically with y at the rate of dp a bo/dy ~ 40 pflcm, that 
is, with a phase shift of impurity scattering Sq^tt/12. 
The enhancement is much smaller than that seen in in- 
plane substituted Si'2Ru04 such as S^Rui-zTLjC^ and 
Si'2Rui_ a; Ir 2 ;04, where both Ti 4+ and Ir 4+ impurities 
act as unitary potential scatterers with <5o ~ 7r/2 [3^ . 
This result shows that out-of-plane La 3+ substitution for 
Sr 2+ introduces less severe disorder within the conduc- 
tive RuC>2 planes. 

Another important result in Fig. 0Ja) is the break- 
down of the Fermi-liquid behavior around y = 0.20: the 
T-squared dependence p a b = AT n + p a bo with n = 2, sat- 



The phase diagram of Sr2_j,Laj,Ru04 is presented in 
Fig. from (a) the in-plane resistivity and (b) the spe- 
cific heat measurements. The substitution of La leads to 
the suppression of the characteristic temperature of the 
Fermi-liquid behavior [34[ in addition to the suppression 
of T c around y ~ 0.03 as described in ref. |U Finally, 
for y~0.20, we can see the breakdown of the Fermi- 
liquid behavior (n — lA) at low temperature. Also, the 
enhancement of Cp/T at 0.5 K in Fig.JS^b) suggests de- 
viation from Fermi-liquid behavior in the temperature 
dependence of Cp/T (Fig. EJ). This behavior may imply 
the presence of a quantum critical point, near y = 0.20, 
although no magnetically ordered state has been identi- 
fied in this study. The critical concentration y~0.20 is 
in good agreement with the prediction from ti ght- binding 
calculations, where y c is evaluated as 0.23 |al27|. 
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FIG. 5: (a) Temperature and La concentration evolution of 
the exponent n in S^-yLayRuCU. The exponent n is derived 
from the expression p a b ~p a to +AT n . (b) the value of Cp/T 
at 0.5 K as a function of y. 



IV. DISCUSSION 



Enhancement of the density of states of the 7 
band by electron doping in Sr2RuC>4 



Let us first discuss the origin of the enhancement of 
the density of states by electron doping as seen in the 
specific heat in Fig. [3J In the band calculation based on 
a tight-binding model, whose parameters are determined 
by a fit to the experimentally-observed Fermi surfaces p| , 
the Fermi energy is located 49 meV below a vHS of the 
7 band as shown in Fig. ^ whereas such a singularity is 
not expected for the a and (3 bands 0, @ . The Fermi 
energy coincides with the singularity at a doping level of 
an additional 0.23 electrons/f.u., if a rigid-band model is 
applicable to this system [f| . Very recently, we confirmed 
the rigid-band model to be valid with good quantitative 
agreement in Sr2_j,La y Ru04 up to j/ = 0.06 in a com- 
parison between quantum oscillation measurements (de 
Haas-van Alphen effect) and tight-binding calculations 
|32| . Here we find experimentally that the critical doping 
value appears to be 0.20 rather than 0.23 electrons/f.u. 
(Fig. |SJ . This indicates a very slight departure from the 
rigid-band-shift model, possibly because the decrease of 
the c-axis lattice parameter with La substitution, which 
lowers the 7 band relative to the others, might not be 
negligible for higher La concentration |36| . 




FIG. 6: Momentum dependence of real part of Lindhard 
susceptibility of Sr2- H La !/ Ru04 up to y = 0.27 based on the 
realistic tight-binding band-structure and a rigid-band shift. 
The contributions of the a, /3 bands (upper panel) and the 
7 band (lower panel) are presented separately, normalized to 
their values at q — and y — 0. The inset shows the La concen- 
tration dependence of the static susceptibility (q — 0) of the 
the a, /3 bands (open circles) and the 7 band (closed circles), 
with the y = values indicating the relative contributions of 
(a, 0) and 7 to the bare density of states. 



B. Enhancement of the 7 band magnetic 
susceptibility at q ~ by electron doping in Sr2Ru04 

On the basis of the rigid-band model described above, 
we now discuss the contributions from the 7 band to 
the magnetic and thermal properties when additional 
electrons are doped into Sr 2 RuC>4. Figure shows the 
momentum dependence of the real part of the Lindhard 
susceptibility xo(<?) uJ}\ expected for Sr2_ y La !/ Ru04 up 
to y = 0.27. Again, the calculation is performed using a 
tight-binding fit to the experimentally determined Fermi 
surface geometry assuming a rigid-band shift. It 
should be noted that the Lindhard spin susceptibility cal- 
culated here is isotropic although the electronic structure 
itself is anisotropic, because the the susceptibility for- 
mula represents the Zeeman splitting in a metallic state. 
The figure is separated out into the contributions from 
the a, (3 bands (upper panel of Fig.0) and 7 band (lower 
panel of Fig. • The susceptibility is normalized at q = 
in pure Sr2Ru04, and the Stoner factor is neglected in 
this calculation for the simplicity. Comparing the contri- 
bution from the a/ (3 and 7 bands, Xoil) changes much 
more dramatically on electron doping than Xo ^ (<?) which 
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FIG. 7: Sketch of the weak Fermi-surface nesting between 7 bands for (a) y~0, (b) <y <y c , and (c) j/>y c . Note that the 
effective nesting vector QJ C shrinks with y. Also, the nesting vector around (n, n) for y>y c is added in order to explain the 
suppression of the Xo(l) near ( 7r i 7r )- 



changes little apart from a small shift in Q^ c . This 
strongly suggests that it is the 7 band that mostly affects 
the change in both the magnetic and thermal properties 
by electron doping. Especially, it is clearly found that 
Xo (l = 0) mainly contributes to the enhancement of the 
total static susceptibility by electron doping, as shown in 
the inset of Fig. 

The peak in Xq(q) at Q = ~ (0.2tt,0.2tt) as seen in 
pure Sr2RuC>4 is explained by weak nesting of the two- 
dimensional 7 bands at the nesting vector , as illus- 
trated in Figure EJa). A corresponding structure has 
only recently been observed in inelastic neutron scatter- 
ing measurement |15|. where the experiments detect the 
imaginary part of the dynamical susceptibility. 

The main effect of electron doping is that the nesting 
wave vector Qj c shifts to lower q, while both Xo(9 = 0) 
and Xq {Q~i c ) diverge. This divergence of Xo is logarithmic 
in {y — y c ), but one would expect the Stoner enhancement 
to lead to a much more dramatic increase in the renormal- 
ized susceptibility x 7 . Finally, Qj c becomes zero at the 
van Hove singularity itself, at a critical electron concen- 
tration y c = 0.23 (Figure E{b)). Beyond the singularity 
(y > £/c), Xail) a t <7~ (it, 7r) (the X point) is dramatically 
suppressed, as seen for y — 0.25 and 0.27 in FigurclUb). 
Here the Fermi energy is higher than the vHS, and as 
illustrated in the right inset of Figure ^ the Fermi sur- 
face of the 7 band changes from an electron pocket to a 
hole one. As seen in Figured^), the wave vector (it, it) 
then fails to connect the 7 sheet with itself, leading to a 
substantial loss of susceptibility near the X point. 

Using the above Lindhard calculation, although the 
Stoner factor is neglected in this calculation, we can qual- 
itatively explain most of the evolution of the results of our 
our static susceptibility (q = 0) with La doping (Fig. 0). 
The marked increase of the observed susceptibility with 
La doping is explained in terms of the enhanced density 
of states at the Fermi level as the vHS is approached and 
Qj c shrinks to zero. We note again that the Lindhard 
susceptibility is always isotropic, in accordance with our 



experiment (Figure 0), since it essentially represents the 
Zeeman splitting in the metallic state. This holds despite 
the quasi-two-dimcnsionality of the electronic structure 
and spin-fluctuation spectrum. However, we note that 
there must also be another contribution to the suscep- 
tibility as well, because it is not easy to account in the 
above analysis either for the strength of the tempera- 
ture dependence for y > 0.1 or for the behavior seen in at 
y = 0.27, for which an overall decrease of \ is predicted. 



C. Evolution of ferromagnetic fluctuations and 
their relation to the non-Fermi-liquid behavior 

We now focus on the non- Fermi-liquid behavior around 
y ~ 0.20, where we observe a low-temperature upturn in 
the specific heat and a clear deviation from T 2 behav- 
ior in the resistivity. We have described in the previous 
section that we expect a strong enhancement of ferromag- 
netic fluctuations when the Fermi level crosses the vHS 
evaluated at y c — 0.23 in the rigid-band-shift model 
due to the enhanced DOS arising from the shift of the 
two-dimensional nesting- vector Cf{ c toward q = 0. The 
enhanced DOS is also expected to affect the specific heat 
coefficient Cp/T. 

The observed non-Fermi-liquid resistivity exponent 
of n = 1.4 for y = 0.20, as shown in the inset of Fig- 
ure Ufa), is good agreement with the expectation of 
the self-consistent renormalization theory with n = 4/3 
for two-dimensional ferromagnetic spin fluctuations [38j. 
The essential ingredient here is that the two-dimensional 
nesting- vector Q( C = Q. The situation is quite different 
in the Ti-substituted system Si^Rui-^Ti^O,!, where at 
x c = 0.025 the non-Fermi-liquid behavior is observed as 
well, but in that case with a linear (n = l) resistivity 
power-law [2l| . The origin of this behavior lies in the di- 
verging antiferromagnetic fluctuations originating from 
the finite (incommensurate) nesting vector between 
the a and (3 sheets |39j . 
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Finally, let us discuss the absence of magnetic or- 
dering in Sr 2 _ a La a Ru04 around y~y c in our current 
study. Deviations from Fermi-liquid behavior are often 
observed around a quantum critical point in the vicin- 
ity of magnetic order ^jjj. Indeed, the expected diver- 
gence of the Lindhard susceptibility would strongly pro- 
mote (ferro) magnetic ordering. In Sr2_ y La a Ru04 up to 
y = 0.27, however, we have seen no clear evidence for 
emergence of magnetic ordering, although the non- Fermi- 
liquid behavior is clearly observed around y~0.20, indi- 
cating the immediate vicinity of the vHS. One possibility 
for the absence of the magnetic ordering seems to be that 
the magnetic correlation length is short as seen in the in- 
elastic neutron scattering in pure Sr2Ru04 .15]; the mag- 
netic excitations originating from the 7 band are widely 
spread around q ~ 0. The short range correlation reminds 
us of the case of the S^Rui-^TLcC^ with x — 0.09. Elas- 
tic neutron scattering measurements on this system re- 
vealed a clear SDW ordering below 25 K with the nesting 
vector Q°f ■ However, the correlation length at the or- 
dered state is as short as ~ 5 nm [2(J and no anomaly 
correspon ding to the transition is observed in the spe- 
cific heat [2l|. The correlation length in Sr2_j,La y Ru04 
has not been measured yet, although it will be impor- 
tant to so, in order to detect the evolution of the spin 
fluctuations at q^O by La doping. 

V. SUMMARY 

By minimizing the disorder level by substituting La 3+ 
for Sr 2+ , we reported the effect of additional electron- 
doping in Sr2RuC>4. The enhancement of the DOS by 
additional electrons is well explained by a rigid-band 
model based on the realistic tight-binding calculation. 
The result can be mainly ascribed to the approach of 



the Fermi energy towards a vHS of 7 band, which is po- 
sitioned at a doping level y c ^0.20, 49meV above the 
Fermi level in pristine Si'2Ru04. The enhancement of 
the magnetic susceptibility by electron doping toward 
the vHS can be viewed in terms of the shrinking of the 
nesting vector of the 7 band from Qj c ~ (0.2tt, 0.2-7T, 0) at 
y = to Q? c ^ at y ^y c on the basis of a calculation 
of the Lindhard susceptibility. The non- Fermi-liquid be- 
havior around y = 0.20 is explained in terms of the two- 
dimensional ferromagnetic spin fluctuations with short 
range correlation. On the other hand, Ti substitution in- 
duces magnetic ordering associated with the nesting be- 
tween other a and Fermi-surface sheets, so appropriate 
dopants can selectively enhance the spin fluctuations of 
different bands in Sr2Ru04. Thus, we stress that the lay- 
ered ruthenate Sr2Ru04 is a prototype multi-band metal 
in which we can understand the physical properties with 
a surprising level of precision, given the correlated nature 
of the electronic state in this material. 
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